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ABSTRACT 
Carboniferous to Permian basins reflcctcd compression régime of the 

Variscan orogeny during rhe continent-continent collision in final stages. 

The fragments of these microplates are preserved in the Alpine Western 

CarpathLuus basement (CWCZ, NGZ vers. IWCZ). On the bases of sedi- 

mentary sequence analysis two zones of continental collision diftering in time 

were c.stablishcd: (1) irncrnal wiih rerminarion of collision during Breronian 

(pre-Sudetian) events, resulting in ihc syn-collision Toumaisian-Visean 

fly.sch; (2) c.\ternal wilh termination of collision during pre-Asturian events, 

comprising the Bashkirîan, and in rhe innermosr part of the Western 

Carpathians (Bükk Mountains in the northern part of Hungary) partly even 

the Early Moscovian flysch sequences. 

MOTS CLÉS 
Pifri-Téthys, 
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CârbonifcrL. 
fVniien, 

bassins syn- ot post-orogeniqucs, 
collision. 

RÉSUMÉ 

L'intewalle Carbonifère mpérieur à Permien inférieur dans les Carpates occiden¬ 

tales : marge septenirionale de la Tethys. I es bassins d’àge carbonifère à per¬ 

mien reflètent un régime de compression apparicnam à rorogênc.st varisque, 

lors de la collision continent-continent dans- les stages finaux. Les fragments 

de ces microplaques sont préservés dans le socle des Carpates alpines occiden¬ 

tales (CWCZ, NGZ vers. IWCZ). D'après l’analyse des sequences sédinien- 

taires, doux zones de collision continentale peuvent être établies : (1) interne 

avec la fin de la collision pendant la phase Bretonne (pré-Sudète), entrainant 

le dépôt du flysch tournaisicn-viséen inférieur syn-toHision ; (2) externe- avec 

la fin de la collision pendant la phase pre-AMurienne, comprenant le 

Bashkirien et. dans la partie la plus interne des Carpates occidentales 

(Montagne du Bükk dans le nord de la Hongrie), le dépôt de flysch d'âge 

moscovien inférieur. 
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INTRODUCTION 

The kinemacic évolution of the West 

Carpathians orogenic sracm wâs created during 

both Variscan and Alpine timc5- Fragments of 

newly fbinicd £pi-Variscan crusr werc incorpora- 

ted in the Paleo-Alpme West Carpathian umts as 

evidenced by repeating subducrion/collision and 

transform faulc processes. The Epi-Variscan crust 

gradually amalgamared due to cru-stal thickening 

during Early to Late Caibonilerous collision 

events, as the collidlng microplaies of Alrican 

affiniry moved southwards The Early 

Carboniferous flysch troughs originated in inrra- 

suturai embayment continuing in the Late 

Carboniferous peripheral basin on the iindcr- 

thrusting plate of the African promontory. The 

post-collisional Permian évolution of the 

Western Carpathian realm continued by forma¬ 

tion of rransrension/transpression and rifting- 

related sedimentary basins. 

Like most of the otliet collisional fold belts» the 

Western Carpathians hâve been traditionally 

divided into external and internai structural 

zones. The main différence beeween distingui- 

shed Structural zones is in the âge of the main 

Alpine events and in the intensity of their defor- 

mational and metamorphic effects. These arc: ( 1 ) 

internai zone, the HP/LT Late Jurassic subduc¬ 

tion event and Early/Middle Cretaccous colli¬ 

sion, followed by nappe stacking; (2) external 

zone, the Late Cretaceous/Early Paleocene to the 

Oligocene/Early Miocene subducrion/accretlon 

and collision events. The fragments of chc Late 

Paleozoic scdinicntar}'  ̂basins filling  arc preserved 

only inside of the internai zone, as a part ol prin¬ 

cipal cfustal-scale superunits (from N to S: the 

Tatricum, Veporicum and Gcmcricum), and 

several cover nappe Systems (Patrie, Hronic and 

Silic) as wcll as of the Bôrka and Tu ma nappe sli- 

vers (Fig. 1 ). 

Relies of the Late Carboniferous sedimentary 

sequeuces are proved by lirhofacial and biofacial 

data in a relative wide range of sedimentary envi- 

ronmctiis, from shallow-water marine to paralic 

and continental. l’he Early Permian sédiments 

confirm only continental environment as a whole. 

GEOLOGICAL FRAMEWORK 

Different types of Variscan basement were over- 

srepped by the Late Carbonifcrous/Early 

Permian sedimentary seqtiences, With respect to 

the metamorphic overprint, independenc of the 

age of metamorphism, the Alpine-Western 

Carpathian basement may be subdivided into 

chree zones (Fig. 1): 

1. The Central Western Carpathian crystalline 

zone (CWCZ) which comprises mainly meta¬ 

morphic rocks and huge masses of pre-Mesozoic 

granicoids- Pièces of pre-Vari.scan metamorphic 

crast were mo.st probably included in this zone. 

Several prc-Alpine lerrancs werc idcntified within 

large portion of the CWC-Alpinc nappe units 

(Tatra T., wirhin Tatric. Northern Veporic and 

Zemplinic Units; Kohüt T., within Southern 

Veporic Unit; Hypoth. Ipoltica T., within 

Hronic LInit; Vozârovd Vozar 1993. 1996). 

Ncarly ail underwent Variscan metamorphism 

dunng Early Carboniferous post-dating some- 

times siich of SiJiirian/Devonian or alsn older 

metaînorphic events. Magmatic activity is 

conccncrated into ma stages (Rb-Sr; U-Pb: 

approx. 360-340 Ma and .320-300 Ma; Cambel 

& Kral 1989: Cambel étal. 1990). 

Rare post-orogenic A-magmatites correspond to 

Permian age (Rb/Sr; 280-250 Ma; Cambel et al 

1989) Geochemical dara indicare the operation 

of subduction sysrem and then collisional-type of 

orogeny (Hovorka & Pctrik 1992; Kohik 1992; 

Petn'k et al. 1994, 1995). Granulites and leptiny- 

te-antphibülicc complexes wirh pièces of meta- 

ultramafic rocks and régressive overprinted 

cclogites are intégral part of the CWCZ base¬ 

ment (Hovorka & Meres 1989, 1990; Vozarova 

1993). 

2. The Northern Gemeric zone (NGZ) with 

relies of the Namurian-Visean flysch and thrust 

wedges ol pre-Carboniferous oceanic crust. This 

zone rcpresciits the Variscan collision suture, 

amalgamating two major Variscan microplates 
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Fig. 1 — Tectonic sketch of the Slovak part of the western Carpathian (see legend Fig. 8). 
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(Vozarova Vozar 1987» 1988; Ncubaucr 1988; 

Neubauer Vozarova 1990). lo this domain 

cwo since iindated Variscan terranes (Klatov and 

Rakovec T.; Vozarova &c Vozar 1993, 1996), 

which diftcr cach ol other in ttrccono-mt^ramor- 

phic development and probably also in rhe âge ol 

protolirh. rheir graduai amalgamation was 

taking place in tbe Early Carboniferous because, 

as the Uppermose Viscan/Serpukhovian is in 

shallow water carbonatc-clastic development 

(magnesite horizon within the Ochtina Group) 

and after stratigraphie hiatus in the Naniurian B- 

C, were unconformably ovcriapped by rhe 

Moscovian marine molasse. This unconformably 

lying marine molasse partly covered also the 

Early Carboniferous flysch sequence (easrern part 

of NGZ), to fix np the Lace Variscan thrust shect 

structure. 

d'he mutual contact ot rhe pre-Carboniferous 

crystalline complexes is rcctonic, followcd by 

lenses uf antigüriric:»crpenrinites. 

High-grade cry.stalline complex (tbe Klatov T.) 

consiscs of mainly amphibolite.s% less gneisscs and 

meta-ulitamafïc rocks. Meta-ulirainaflc rocks 

and metabasah wclc considered as a part of 

incomplète opbiohte suire (Hovorka et al. 1984; 

Spisiak et al. 1985). Findings of régressive over- 

printed cclogitic rocks make possible to assume a 

polyphasé meramorphic P-T pach tvith previous 

high-pressure conditions. This is rhe main reason 

for recent comparing of rliis ctîmplex with lower- 

crusral lepiinite-amphibolite complexes 

(Hovorka étal. 1992), 

Low-grade cn'stalline complex (the Rakovec T.) 

is composcd predomlnantly of rholeilric meraba- 

salcs and metabasaltic volcanoclasfics, associated 

with less amounts of sandy-pclitic mccascdimcnts 

and small bodies of gabrodiorites as wcll as meta- 

keratopbyres. l’he magrnatte rocks show geoclie- 

mical characteristics near to E-MORB/OIT 

basalt.s (Ivan 1994) and partly tu island arc 

basalts. vSeveral teasons speak in favour of a back- 

arc/supra-subduction zone setting of this crust 

(Vozarova 1993). 

3. The Inner Western Carpathian crysralline 

zone (IWCZ) which is subdivided into two 

subzones: the Southern Gemeric zone (SGZ), 

the Tunia-SzcndrO'Bükk zone (TSBZ). 

Dominant part ol rhe Southern Gemeric zone is 

composcd ol ihc Early Palcozoic volcanogenic 

flysch tormacion and its Permian-Triassic cover 

(rhe Gclnica T; Vozarova & Vozar 1993, 1996). 

A huge mass of volcanogenic flysch comprises a 

distinct leaiurc of turbidity carrent and other 

mass-gravity Ilow sedimentatioit (Ivanicka et ai 

1989). Besides of a quanrity of redeposited acid 

to iniermcdiatc volcanoclastic material, derived 

from synsedimcntaiy continental magmatic arc, 

also derritus Irom rhe subduction complex or 

fragment of oceanic crust are insufficiencly pré¬ 

sent. Régional metamorphism ol the SGZ base¬ 

ment did not exceed the low-pres.sure greenschist 

faciès (Sassi ik. Vozirova 1987, 1992). The âge 

was proved palynologically within the wide and 

the most probably not précisé range of the Latc 

Cambrian co Early Devonian (Snopkova & 

Snopko 1979). Early Paleozoic âges (497-391 

Ma) are also proved by U-Pb dating from zircons 

in mecavolcanics (Cambel et al. Scerbak et 

al. 1988). Tbe Precambrian age of ihe continen¬ 

tal .source area was cstablished from decrital zir¬ 

cons in mctasedimenis (U-Pb; 600-900 Ma; 

Cambel et al, 1977). The SGZ Early Paleozoic 

flysch sequence (the Gclnica Croup) was inter- 

preted as a relie of fore-arc filling  rclated to active 

continental margin (Vozàrovà 1993). 

Within the Turria-Szendro-Bükk zone rhe pre- 

Carboniferous complexes arc (»nly fragmentary 

pre.served. I hey are represented mainly by rhe 

shallow-water to basinal scquences of passive 

concinenral margin of rhe northern Gondwana 

promonrory (for précisé description: Kovacs 

1989; Füldp 1994 and oibers). 

*J*hc Bxshkirlan olistostToma flysch complexes are 

the most typical fcaturc ol tins subzonc. Tbey 

were describcd within the 7urnaic Unit in the 

(nner Western Carpathians (Vozarova & Vozar 

1992) as wcll as in the Szendrô and Bükk 

Mouncains (Kovacs 1988, 1992). The slight or 

no Variscan metamorphism is typical for TSBZ 

Paleozoic complexes. Only exclusion are 

sequences of the Bashkirian llvsch in the Western 

Carpathian Turnaic Llnit, the Vaiiscan régional 

metamorphism of which reached the low-prcssu- 

re greenschist faciès (Mazzoh & Vozàrovà 1989). 
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Late Carboniferous to Early Permian of Western Carpathians 
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Fig. 2. — The Westphalian of the northern Gemeric Unit (see legend Fig. 8). 

UPPER CARBONIFEROUS 

Marine development 

The Westphalian sequences are preserved within 

the paleO'Alpine Norrh Gemeric Unit (Fig. 2) as 

tectonically reduced fragments. Their lecconic 

setting, related TO continental collision,, scartcd in 

the Westphalian A by delta-fan, coarse- grained, 

very oftcn bouldcr conglomérâtes, containing 

détritus derivçd from underlying pre-Late 

Carboniferous rocks complexes. Due to strong 

Alpine reworking the direct contact of tliese 

basement rocks and basal part of ihe 

Westphalian delraic-marine overstep sequences is 

preserved only in some places. Basal conglomé¬ 

râtes of the Rudhany Formation unconlormably 

overlap the gneiss-amphibolitc complex ol the 

Klatov T'erranc in the vicinity of the Dobsina 

lown, metasediments and metabasalts of the 

Rakovec Terrane in the wider areU of the 

Rudhany village, and the Early Carboniferous 

flysch sequence ot CrnieF Formation in the area 

between Margccany and Ko^ickâ Bêla (more 

details referring to Variscan and Alpine history of 

the Nortli Gemeric T’erranc in Vozarova & Vbzàr 

1993, 1996; Vozarova 1996). Black shales and 

micaccous grey sandstorte intercalarions arc nor¬ 

mal member of the fining upw^ard Rudhany 

Formation. The floriscic finds \vas derermined by 

Némejc (1947)' Cordaites palmaeformis 

Goeppert, AsterQphyllitei çf. grandis  ̂Asterothvea 

miltonii Artis, Nenropteiis sebutzei Poconic, N. 

gigantea ubhrevùitû Stockmans, 

After initial rapid sédimentation the littoral to 

shallow-neritic limestones werc associaied vvith 

finc-grained clastk metasediments. This derritic- 

carbonatc Jithofacies corresponds to basal part of 

the Zlatnik Formation, from which the 

Westphalian B-C age is indicared by rich trilobi- 

te fauna: Griffithides dohsinemh Illés, Gtijfithides 

lozhszniki Rakusz, 19.32; CunnningelLi sp. aff. 

bctlladoolensh Reed, 1942; Palladi7i sp. aff. eich- 
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waldiVxsùïtVy 1825 {in  Ralcusz 1932; Boucek & 

Pfibyl 1960). Basing on flora findings Nèmejc 

(1947, 1953) ranged rhi-s sequence to tlie 

Westphalian A-B*. Paripteris giganteay Stylocala' 

mites suchovîL Neuropteris t?eterophyllay Neuro- 

pteris gigayttea 5tbg, Nenropterts flexuosa 

Brongiart, Calatnites cLcisù Brongiarr. The cono- 

dont Idiognatoides simunus Harris-Hollingsworrh 

proved Westphalian A agc (Kozur Mock 

1977). 

Upper part of the Zlatm'k borniarion comprises 

fine-graincd clastic metascdiments associated 

with fine basaltic voicanoclastics and scarce effu¬ 

sions oi high-K tholeiitic basaJts. It reflects dee- 

pening of thc Moscovian sedimentary basin. 

Poor microfloral assemblages proved the Late 

Carboniferous agc, but no accurate division, 

Termination of the Moscovian pcripheral basin is 

reflected by the paralic sequence of the Himoi*  

Formation. Tt is charactetized by: (I) distinct 

cyclical, coarscning-upward shally-sandy- 

conglomeratic sedimems; (2) absence of synsedi- 

mentary volcani.sm; (3) local occurrence of riL> 

bed coal searn. The inicrofloral assemblages 

proved the Westphalian D âge; Reticulatisporites 

irregularis Kosanke, Thymospora thiessenii 

(Kosanke) Wilson et Venkatachala, Apiculati- 

sporites raisnickii (Dyb.-Jach.), Angulisporites 

splendidns Bharadw., llliniies elegam Kos. (Ilavska 

1962 unpublished report; Planderova 1979 

unpublished report). 

The metaniorphic grade in thc Moscovian 

sequences did nor exceed P-T condition of the 

boundary between anchizone and lower limit  of 

the greenschist faciès 

Continental de\'Elopment 

Westphalian-Stephanian continental sequences 

are preserved within the several Alpine Central 

Carpathian nappe units, such as very strong 

reduced relies within thc Zemplinic, Southern 

Gemeric and Hronic Units. Direct contact ber  ̂

ween Wesphalian continental oversrep sequence 

and its immédiate basement is expressed only in 

the Zemplinic Unit. 

Zemplinic Unit 

The crystalline rocks of the Zemplinic Unit 

(Fig. 3), together with their Late Paleozoic and 

Mesozoie envelope, make up a tecronic horst 

scriking NW-SE. uplifted from the basement of 

Tertiary filling  of the East Slovakian (Trans- 

carpathian) basin. According to the characier of 

crystalline rocks and mainly .Mesozoie develop¬ 

ment it may be correlated with thc other units of 

the TatrO'Veporic domain (Vozirova 1989; 

Faryad 1995; Rysra Susp. Terr., tn Vozatovd 6c 

Vozar 1996). The Zemplinic Wesrphalian- 

Stephanian sequence cpnsists of four partial 

lithostratigraphic units (Cerhov, Luhyha, Trha, 

Ka^ov Formations: in Boucek & Pribyl 1959; 

Grecula & Eg)âid 1982; Vozarova 1986), Their 

stratigraphie range established according to 

macro- and microfloral findings (Nèmejc 1947, 

1953: Nèmejc 6c Obrhel 1958; Planderova et al. 

1981). 

Polymictic conglomérâtes, with grain-supported 

structure and rclativcly wcll-rounded pebble 

material are dominant lithofacies of the Cerhov 

Formation. They are interprered mostiv as brai- 

ded-river deposics. The lithostnitigraphic profile 

consists of repeated small fining-upward sedi- 

mentary cycles with prévalent conglomeratic or 

sandy-conglomeratic components. Minor black 

shale and siltsrone intercalations occur in the 

upper part of the sequence. The dating, 

Westphalian D-Srepbanian A. is based on domi¬ 

nant microflora: Triqnirrites sp., Microleticulati- 

sporites suIcutHS (Wils. et Kr.), Tripartites sp., 

Cyrratriradites irizonurius Dyb. Jach. 

The gradually evolving Luhyna Formation 

consists of fine grained lacustrine sédiments 

sandstones, mudscones and shales of grey to 

black colour, inrerrupted bv cpisodic events of 

distal- fan screaras. The Stephanian A âge was 

proved mainly by macroflora: Calamites cktii 

Brongn., Pecopteris cf. mihonii Arcis. Alethopteris 

sp., Asîcrophyllites trichomatosm Stur. Microfloral 

assemblages are indicative of the Sreph:tnian A-B 

range. Dominant spores are: Torhpora seenrh 

Balme: Lycospora granulata Kosanke, Punctati- 

sporites pîifictatus {Kosânkc., 1920) emend. 

Alpern, Demosporites graciUs Smith et Butrer- 

worth, and striatc pollen of thc genus Vittatina 

are less frequent. 

Cydothems wifh thin coal scams represent the 

Tîha Formation. The Early Stephanian âge was 

inferred on the basis of plant findings: Pecopteris 
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Fig. 3. — The Westphalian and Stephanian of the Zemplinic Unit {see legend Fig. 8). 

cyathea Schlothfim. Cordaites horassifolius 

Sternberg. Sphetiophyllum emürginahan Brongn., 

Asterothecâ arborescens Brongn,, Aleihopterls bohe- 

mica Frankc. Calamites cistii Brongn., Stigtnarm 

ficoides (Stcrnb.) Brongn., Annubma. psettdostelLt- 

ta Potonle, Lepidophloios laricinns Sternb., 

Lepidostrobophyllum majus Brongn, Pecopteri- 

dium cf. casîeii Zeiller. The Irha Formation can 

be divided into two large ctcIcs (sevcral hundreds 

of m thick). l"he lowêr cycle contains seven litn- 

nic- fluvial cyclothcms with coal seams of 

variable rhickness (from several cm up to 160 

cm). Generally, the sédiments are rich in clastic 

mica, plant débris, fragments of tree minlo and 

barks. Distinct cyclicity of fming-upward type, 

with sets of layers of black shaJes with thin coal 

seams and occasionally dark clayey lenses and 

nodules of limestones, indicare limnic-fluvial and 

swamp environments. The second large cycle is 

characterized by alluvial strcam-channel lithofa- 

cies, with dominant sandstone menibers and 

absence of the coal-bearing association. Several 

levels of rhyolite-dacite, calc-alkaline volcanoclas- 

tics are typical for this part of sequence. 

*rhick layers of rhyolice-dacire volcanoclastics 

(including ignimbrites) and alluvial, stream- 

channcl and flood plain sédiments with domi¬ 

nant sandscones are predominating lichologies of 

the Kasov Formation, Based on the microfloral 

assemblages, the- Kasov Formarion was assigned 

CO the Stephanian B-C. The following microflora 

assemblages werc identified: Thymospora perver- 

rucosil (Alp.) Wil.s. et Ven., Ctduminisporites ovalis 

Peppers, Latensimi triletus Vittatina ovalis 

Klaus, Spinosporues^Ÿ' ̂Disatdtes striatiti dxv. sp., 
Cordairina sp., Vestisporu fenestrata (Kos.) Wils. 

efVen., Cycloff'iwisporitapergranultisA\p. 

Hronic Unit 

The Hronic Unit (Fig. 4) lias been defined as a 

rootless megastructural Alpine unit consisting of 

two partial nappes: Sturec and Choc nappes 

(accord, to Andrusov ev ai 1973). Due to uheir 

internai structure and mutual relations as well as 
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kosankei 

Leavigatûsporites 
vulgaris 

Thymospora A-B 
pseudothiesensii 

Fig. 4. —The Stephanian of the Hronic Unit (see legend Fig. 8). 

facial charactcrisdcs the partial nappes hâve bcen 

distinguishcd as maînly Triassic complexes. Both 

Hronic nappe units contain Late Paleozoic volca- 

no-sedimcntary formations, preserved variably as 

a conséquence of tectonic réduction during the 

nappe thrusting. Remains of these séquences are 

known in many mountain ranges in the Western 

Carpathians. whcreby their tectonic position is 

always equal. between the Veporic/Fatric Unit 

and Northern Gerneric Unit resp. higher 

Mesozoic nappe units, 

There is no evidence neither for the underlying 

pre-Stephanian sédiments nor for the immédiate 

crystalline basement. Tectonic slices of granitoid 

blastomylonites found in the basal part of rhe 

Sturec nappe might be partiy indicative of its 

composition (Andrusov 1936; Vozarova &c Vozar 

1979). Data obtained through petrofacial analy¬ 

sis of clastic .sédiments proved an affinity to a 

magmatic arc source area (the hypothctical 

Ipoltica lcrr.. Vozarova ôc Vozar 1993). 

The Stephanian, Nizna Boca Formation, is gene- 

rally a régressive clastic scquence wirh a distinct 

tendency of coar.sening upward. Numerous small 

repeating fining-upward sedimentary cycles arc 

the most typîcal feacure. Abuiidant graded-bed- 

ded sandstones with minor mudstone intercala¬ 

tions. as wcll as layers rich in plant détritus indi- 

cate a fluvial-lacustrine delta association. 

Séquences of fine-graincd sandstones, mudstones 

and shales of grey to black colour correspond to 

lacusrrine lithofacics. Syngcnctic. mostly subac- 

rial dacite volcanism is represented by abundani 

redeposited volcanogenic matcrial mixcd with 

non-volcanic détritus, Icss by thin layers of dad- 

tic tuffs and exceptionally with small lava flows 

of daeîte. 

Macroflora from the uppermost part of the 

Nizna Boca Formation indicates its Westphalian- 

Stephanian âge. Sitar (/;/ Sitar &c Vozar 1973) 

dcscribed wcll-preserved relies of Asterotheca mil- 

torûi Artis. Asterotheca arhoresceris Brongn., 

Cordaites palmaeformis Coepp. and Cnllipteri- 

diiim gigas Gutb. The similar flora \va.s determi- 

ned by Ncmejc {in  Mahef 1954) from strongly 

tcctonically rcduccd rcmains ot ihc casternmost 

Niznd Boca Formation occurrences; Calamites 

sp.f Lepidostrobophyllufii majns, Stigtnaria ficoides 

(Sternb.) Brongn., Astherotheca miltonii Artis, 

Palmatopteris furcûta Potonié. Basing on palyno- 

logical analy.sis Planderova (1979) distinguished 

two microflora assemblages: (T) the Stephanian 

A-B, Torispora securts Balm., Lycospora pusilla 

(Ibr.) Som., Verrucosisporites pergrantdus (Alp.) 
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Smith.> Cmssispora kosankei (Pot. Kremp.) 

Bharadw., Laevigatosporites vulgaris (Ibr.) Alp, 

Doub., Thyfrmpora pseudothiessenii (Kos.) Alp, 

Doub., (2) the Stephanian C. Laevigatosporites 

div. sp.» Cyclogm7}isporjtes densus Bharadw., 

Lycospora pusilla (Ibr.) Som., Foveolatisporites 

junior Ros., Flanisporites kosankei (Knox) Pot. 

Kn, Cadmpom magna Kos.. Allatisporites verni- 

r(7^«i-Alp.. A. hexalanu Mp., Potonieisporim à\v. 

$p. and lysac'dtes srriatiti. 

Southern Veporic Uni’i*  

The Southern Veporic basement is a composite 

and very strong Alpine reworked segment of the 

Variscan crust. Dominant part of this basement 

consists of several types of low- to medium-grade 

metamorphic complexes. The occurrences of Ah 

Fe rich metasedimcnts (Korikovskij étal. 1989; 

Kovacik 1991; Meres 6c ffovorka 1991) and 

orthogneisses of magmatic arc provenance 

(Hovorka et al. 1987) are spécial type. Besides of 

these rock complexes relies of migmacitîzed and 

strongly diaphtohzed high-grade crystalline com¬ 

plexes were distinguished (?Piotcrozoic in âge: 

Bez'ik 1991). The Carboniferous cover is repre- 

sented by upward-coarscning scquence of the 

Stephanian sédiments (the Slatvina Formation). 

Their direct contact with the basement is hard to 

prove, due to either iMpine ihrusting or contact- 

thermie effeers ol younger granitoids (Vozarovà 

& Vozar 1982; Vo/jrovi 1990). 

Well-preserved cyclical structure as a mulriply 

vertical alternation of gray meta-sandstones and 

dark-gray/black metapelite.s and their régional 

unification in twm large coarsenîtig upw.ird 

régressive cycles indicate mutual prograding from 

deltaic to fluvial environment. This prograding 

trend is, on the conirary to the rapid change of 

sédiment coJour from black or dark-gi'ay to light- 

gray/light-green, due ro changes in .sedimentary 

environment as well as climaiic conditions. In 

reaches of stillwater rherc tendcd co develop 

anoxie conditionsj resulting in formation of 

black shales. Abondant carbonized plant détritus, 

relies of lissue fragments, spores of terrestrial 

plants are indicative ot the proximity of plant 

covered continent. 

Conspicuous stratification and cyclicity^ tabulât 

and relafively uniform sandstone strata are the 

main sedimentary fearures. Most others were 

destroyed by the Alpine régional rectonometa- 

morphism and by conséquent thermal relaxation 

(Vozdrova 1990), 

On the basis of abundanr pollen of the généra 

Potonieisparites 1957, Illinites 

1950, Striatosaceites jizba  ̂and Flortnites et 

B., 1944 and the species Tbynwspora thiessejiii 

(Kos.) Wils. et Venk. The sediment-s are classed 

with the Stephanian C (Plandcrova & Vozdrova 

1978). 

EARLY PERMIAN 

Generaily, the Early Permian séquences arc repre- 

sented by continental, tnainly coarsc-graincd 

sedimentary lornvations, the origin of which was 

fir.st of ail rclated to transprcssional and then 

exten.sional tectonic regime. Intégral part of these 

formations are volcanitcs and their volcanoclas- 

ücs, among chem the calc-alkaline rhyolite-dacite 

less andésite and continental tholeiitic andesite- 

basalts are rhe most extensive. 

The Early Permian sédiments prove mostly very 

low structural and minerai maturity. 9 hey show 

provenances from the uplifted and tectonic reju- 

venated crystalline basement or uneven eut mag¬ 

ma tic arc. The prévalent sédiments deposited in 

alluvial oc fluvio-Licustrine and ephemeral lake 

environment, as well as semiarid ro arid climatic 

conditions caused the absence of horizons 

coinaining fauna and flora. Biostratigraphical 

data are supported by microfloristic investiga¬ 

tions. based on relative poor pollen and sporo- 

morpK .speerrum. 

Central Western Carpathians crystalline 

ZONE 

Within rhe Central Carpathians crystalline zone 

the superposition of the Early Permian deposits 

is the following: 

- unconformably lying on the crystalline base¬ 

ment; 

- graduai prograding from rhe underlying 

Stephanian sédiments with the sharp change of 

sédiment colour due to rapid climatic alterna¬ 

tions. 

A représentative of the First type formations is 
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Luockispohtes virkkiae ' 
Striatites richteri THURINGIAN? 

i 

Lueckisporites virkkiae 
Jugaspofftes Oelasaucei 

UmitispontBS rectus 

Lunatisporites div.sp. 

KlausipoUenites 
schaubergeri 

Falcisporites zapfei 
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Formation 

V/ffaf/na div.sp. 

Florinites div.sp. 

Potonieisporites div.sp. 

Potonieisporites radiosus 

Potonieisporites novicus 

Nuskoisporites dulhuntyi 

1 

AUTUNIAN ' 

SAXONIAN 

Rg. 5. — The Autunian and Saxonian of the Zemplinic Unit (see legend Fig, 8). 

the sequence of che L'ubietova Group comprising 

the Brusno and Predajna Formations (Vozarovâ 

1979). 

Principal leatures of the Brusno Formation are 

the following: dominant arkosic sédiments of 

psamitic/psephitic grade and evidence of synsedi- 

mentary volcanism (the Harnobis volcanogcnic 

horizon). Monotonous, mostly light-grey and 

greenish-grey coarse-grained sédiments Indicate 

an environment of low-sinuosity rivers. Frequent 

washouts, erosive channels and in facr poorly 

preserved overbank and crevasse scdimcnc.s are 

évidences of quick and chaotic changes of brai- 

ded alluvia with prévalent autocyclic erosive pro¬ 

cesses. The provenance of detrirus was proved to 

be underlying crystalline basement, malnly che 

granitoid and migmatite rock complexes 

(Vozàrova 1979). The Harnobis volcanogcnic 

horizon consists mosriy of dacite effusions asso- 

ciated with dominant pyroclastic tulVs, in part of 

them ignimbrices and epiclastic dcposits. Less 

frequenr are andésites and thcir volcanoclasdcs. 

According to rheir chemical composition the vol- 

canics correspond ro calc-alkalinc variery with 

afFinity to subalkaline magmatic trend. The âge 

of the Brusno Formation is not reliably biostrati- 

graphically dated. 

The Predajna Formation overlaps disconforma- 

bly che Bru.sno Formation. Hiatus is documented 

by a conspicuou-s change of the drainage System 

as well a.s of ihe source area, the latter being 

reflecied in distinct différences in composition of 

the détritus {mosriy micaschisc. paragneisses, 

microgranites and the Harnobis volcanics). 

Variegated polymict clastic sédiments indicate an 

alluvial fan and piedmont flood plain sedimenta- 

ry environment with isolated discal cphcmeral 

lakes. fwo rcgionally developed megacycles, with 

thick horizon of conglomérâtes at che base of 

cach of rhenij are reflection of chc synsedimenta- 

ry tectonic. The second is partîally reduced due 

to pre-Triassic érosion. 

The Permian âge of rhe Prcdajnd Formation was 

assigned according ro poor microflora: 

Monosiilcites minimiis Cookson, Gnetaceapol- 

lenites sp., Gymatiosphaera sp., Karpathporites 

minimns Pland.. PuncUitisporhes sp., Reticiila- 

ihporites sp., Florinites sp. (Plandcrova et 

V'bzirova 1982). 

The grade of metamorphism of the North 
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Fig. 6. — The Autunian and Saxonian of the Hronic Unit (see iegend Fig. 8). 

Veporic Permian deposits did nor exceed the 

boundary between anchizone and the lower-tem- 

pcrature part of grccnschist faciès. 

Représentatives of the second type of formations 

are the Early Permian deposits in the Zemplinic, 

Southern Veporic and Hronic Units- 

A sharp transition from a humid to arid climate 

is characceristic for Permian sédiments of the 

Zemplinic Unit (Fig. 5). During the Permian 

sedimentary development the synsedimentary 

tectonics was less intense compared to rhe 

Westphalian-Stephanian and, as a conséquence, 

the rates oi .sédimentation and volcanic activity 

were reduccd. Generally, the déposition procee- 

ded in an alluvial envixonment with the cypical 

features of semi-arid and arid régions. Many 

coloured sedimentary complexes of the Cejkov 

Formation comprise proximal and distal alluvial 

faciès (polymict conglomérâtes and sandstones) 

alternating with deposits of flood plain or of 

ephemeral arid Jakes (niud.stones alternating with 

shales and fine-grained sandstones and calcrete 

horizons). Characteristic, poorly sorted sédi¬ 

ments rescmble fossil mudstone and debris-ttow. 

A part of this scqiience includes several layers of 

rhyolite luffs. The Early Permian âge of the 

Cejkov Formation is assigned for abundance of 

the species from the généra Potonieis/writes and 

Vittatina. The assemblages of sporomorphs are: 

Potonieisporiles radiosus Schwarz, P. novicus 

Bhardw-, Nuskoisporitcs dulhuntyi Pot. Klaus, 

Vittatina div. sp., Flormites div. sp, (Planderovà 

et ai 1981). The microflora from rhe upper part 

of the Cejkov Formation proved rhe Late 

Permian: Lueckisporites virkkiae (Pot. Klaus), 

jugasporites dclasaucei KJaus, IJmitisporites rectus 

Lesch , iunatisporites div. sp., Klausipollenites 

schauhergeri Klaus) l..c.sch, Falcisporites zap- 

fei (Pot. Klaus) Le.sch. (Planderovà et al. 1981). 

A compJex of monotonoiis violct-rcdi vaguely 

schistose mudstones represents the youngest 

lithosrratigraphic unit, the CÜernothov 

Formation. Reladvely thln (max. 50 m) scquence 

of monotonous playa association is unconforma- 

bly overlain by light-grey quartzose conglumera- 

tic sandstones of Early Triassic âge. Almost 

massive claystones and mudsrone.s are rich in 

AI2O3 (20-21 %) and ferrie iron (7 %). Poor 

microflora remains. Lueckisporites- wirkkiae (Pot. 

Klaus), Stria tires richteri (Klaus) Jizba, Juga¬ 

sporites lueckuides Klaus, Litnitispontes rectus 

Lcschik, Klausipollenites schanbetgeri (Pot- Klaus) 

lansonius correspond most Ükely to the 

Thuringian. Sedimentological and paleoecologi- 
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cal data indicate that a short intra-Pennian hia¬ 

tus is possible. 

The Early Pcrmian set|uences of the Hronic Unit 

(Fig. 6, thc Maluzlna Formation) are developed 

gradually from thc undcrlying Stephanian. They 

comprise a thick succession of red beds which 

consist of alternating conglomérâtes, sandstones 

and shales. Lenses of dolomites, gypsum and cal- 

crete/caliche horizons occur locally. Fining- 

upward c)'clcs of the order ol several meters, as 

well as thrcc régional mcgacyclcs arranged above 

each other, arc most tj'pical An important phe- 

nomenon is the polyphasé synsedimencary ande- 

site-basalt volcanism with continental tholeiitic 

magmatic trend (Vozar 1977, 1983). 

Generally the sedimenrs of the Maluzina 

Formation originated, in fluvial and lluvial-lacus- 

crine environment, at permanendy semiarid/arid 

climace. Basal parts of thc three mcgacyclcs 

consist of chanel-lag and poini-bâr deposivs, 

associating lacerally with flood plain and natural 

levee séquences. Upper part of megacycles is cha- 

racterized by a playa, scarcc in|and sabcha and 

ephemeral lake associations. 

The microllora proved rhe Early and Lace 

Permian âge of the Maluzina Formation. The 

following assemblages were described by 

PlanderovJ (197.3; in Planderova &c Vozarova 

1982): (1) Autunian: Spinospnrites exignns 

Upthaw-Hcdl., Thyniospora div. .sp.. Colnrnini- 

sporites ovalis PepperS:, Punctathporit^es spedosm 

Kalib., Cordaitina div. sp.» Hliuites imtcus Kos., 

Vittatirut d\\. sp.; (2) Autunian-Saxonian: Uiten- 

sina trileta Alp.» PoUmieupontei novicus Bharadw., 

P. radiosus Sïw/zrr,,, Jiigasporites deliis:iaucei Klaus, 

Vittatina ovalis Klaus; (3) Thuringian: 

Calamospora nathorsüi Klaus, KlausipoUpiites div. 

sp., Carpathhporires sittleri Pland., Lueckisporites 

parviis Klaus, Vittatina angulhtriata Klaus, 

Monosiddtes minimus Cookson. 

The Autunian-Saxonian microflora assemblages 

correspond approximaccly co dic First and second 

megacycles. This assumption is supported by 

206pb/238u -^*^Pb/--^'’U dacing of 263 and 

274 Ma froni uranium-bearing layers of tlie 

uppermosr part of thc second mcgacyclc (Lepka 

in Rojkoviè et al. 1992). 

Sédiments of both formations contain détritus 

derived from; (1) granitoids and high-grade 

mccamorphics; (2) P.syiisedimentary or a Uttle 

older dadre volcanics; (3) andesite/basalc synsc- 

dimeniary volcanics; (4) low-gradc metamor- 

phics. Generally the grade of régional 

metaniorphism did noc exceed P- f conditions of 

diagenesis/ anchizone houndary. 

The srrongly -Alpine reworked mccasediments of 

che Southern Veporic Unit consisrs of coarse- 

grained mcraarkosc.s, meta-arkosic waekes and 

mera-conglomeraccs with abundant graniioid 

détritus. Finc-grained mecasedimenrs are only 

rninor coniponenc. They provide very poorly 

preserved spore -species of rhe genus Luec¬ 

kisporites. ranging these sequence wieb ihc Early 

Permian (Planderovâ &: Vozarova 1982). 

Northern Gkmeric Zonh (Fig. 7) 

Continental Permian sequences overlapped 

slighrly deformed relies of thc Westphalian peri- 

pheial basin filling  as vvcll as ail pre-Westphalian 

complexes of the North Gcmcric Zone. Prévalent 

coarse-clasric sédiments derived trom the colli¬ 

sion belt are associated with bimodal 

andesite/basalt-rhyolite volcanism. ïhe de\'elop- 

ment ol tlie Permian depositional realm was 

connected with post-Astiuian rranspression/ 

transtension .stage, as a re.sult in extensional régi¬ 

me duringthe Late Perniian-Mesozoic cime. 

Following are çhe charactcristic features: (1) 

mulri-coloured clascic sédiments with dominant 

violet and violet-red; (2) graduai fining-upward; 

(3) cycücity manifesrexl wichin rhe Framework of 

small cycles as well as megacycles; (4) bimodal 

calc-alkaline volcanism. 

The basal part (the Knola formation) contuins 

mostly poorly sorted polymict conglomérâtes 

and breccias of exrremely variable thickncs.s, with 

pebble material reflecting che composition of the 

direct underlier. The coarse-graincd sédiments 

overlapped different parrs of boeb pre- 

CarbonifcroLi.s crystalline complexes well as 

irregurally eroded surface of thc Westphalian for¬ 

mations. They represenr fossil mudllows, parcly 

reworked in some places, relieved by alluvial, 

inainly stream channci deposics. Age of these 

sédiments is noc determined, duc to lade of fos- 

sils' remai ns. 

Volcanics and volcanoclastics of bimodal mag- 

matic association are the main features of the 
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Vittatina div.sp. 

Nuskoisporites dulhuntyi AUTUNIAN  

' Limitisporites moesensis ? 263 Ma — 

SAXONIAN 

274 Ma 

Fig. 7. — The Autunian and Saxonian of the North Gemeric Unit (see legend Fig. 8). 

Petrova Hora Formation. The polyphasé volcanic 

activity manifested régional and tiine relations lo 

large sedimentary cycles. Sédiments are characte- 

ristic by low degree of maturity and mixture of 

syngenetic volcanic and non-volcanic détritus. 

Among the most srriking fiatures arc the fining- 

upward alluvial cycles, with channel lag  ̂pointbar 

and flood plain lakes faciès alternating with playa 

lake subenvironment at the topmost part oi large 

cycles. 

The micrortora found in the upper part of the 

Petrova Mora Formation proved Saxonian âge: 

Limitisporitcs moesensis (Grebel) Klaus, Vittatina 

div. sp., Nuskoisporiteî dulhuntyi Klaus 

(Plandcrova 197'-  ̂unpublished report). This âge 

is supporced by isotopic analysis of sulphides 

from volcanogenic horizons; = 263 

Ma; = 274 Ma (Novotny & Rojkovic 

1981), 

The Auninian-Süxonian terrigenous and terrige- 

nous-volcanogenic scquences are ovcrlappcd by a 

relativcly mature sandy-conglomerates horizon, 

with contents of pebble material derived from 

direct stratigraphie underlier. This could hâve 

been a conséquence of the break in sédimenta¬ 

tion afier Saxonian, but bioscratigraphic évidence 

to support this assumprion is missing. Alluvial,  

stream channel depo.sit-s prograde gradually 

upward to the inland sebklia and near-shore seb- 

kha/lagoonal faciès, with anhydriic-gypsum and 

sait breccia horizons (the Novoveskd Huta 

Formation). Isotopic analysis of sulphur sht>ws 

the resulcs close to data on the Lare Permian- 

lower pan of rhe Early Triassic (Kantor et ai 

1982), There arc graduai transirions up to the 

Clamia cAïn/i horizon. 

The grade of mecamorphism of the Permian rock 

complexes did not exceed the P-T condition of 

anchizone. 

Inner Western Carpathians crystalline 

ZONE 

The Early Permian sédiments were developed 

only within rhe Southern Gemeric Unir (Fig. 8). 

Lare Variscan, post-orogenic overstep sequences 

of the Southern Gemeric Unit are represented 

only by the Permian to Early Triassic continental 

and near-shore, lagoonal-sabcha formations. 
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Potonieisporites 
novicus 

Sthatodisaccites 
Gnetaceapollinites 

Vittatina sp. 
Vittatina costabilis 

Leioirilites 
infragranulus 

AUTUNIAN  

Triquitrites additus : — 

Reticulatisporites 
reticulocingulum 

j 

i 
1 

SAXONIAN 

1 

3 
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5 

Ile 

Fig. 8. — The Autunian and Saxonian of the South Gemeric Unit, t, delta-fan. shallow marine boulder conglomérâtes; 2, marine 
conglomérâtes; 3, marine sandstones; 4, sandstones with admixture of volcanoclastic détritus; 5, acid to intermediate volcanics; 
6, andensite-basalt volcanics. 

rhey unconformably ovcrlapped their Early 

Paleozoic basement, che volcano-sedimentary 

flysch of the Gelnica Group (dcfined together as 

the Gelnica Terr.,. Vdzdrova & Vozar 1993, 

1996), Generally, the Early Permian volcano- 

sedimentary complexes arc characterized by a 

high content of mature dcirirus, mainly in iheir 

basal part. Conspicuous upward fining is accom- 

panied by relative decreasc of composiiional 

maturiw and grain-size of sédiments. Sédiments 

represent the relies of sedimentary basin filling  

which originated in transpression/transtension 

régime, prograded to the initial stage of posr- 

Variscan rifting. The whole sequence is subdivi- 

ded into two lithostratigraphic unies: the 

Rozhava and Stitnik Formations. 

Characteristic lithotype of the Rozrîava 

Formation are rhe oligomict, quartzose conglo- 

meratc.s, vviih indistinct stratification. The whole 

sequence is subdivided vertically into rwo large 

cycles, with conglomerate horizons at the base of 

each and sandstonc-shale member berween rheir 

rwo. Dominant are stream channel and sheet- 

flood deposits, with unimodal rransporr System. 

Both conglomeratic horizons are connecred with 

rhyolite-dacite subaerial volcanism. Their Chemi¬ 

cal composition correspond to calc-alkaliiie mag- 

matic type. The Early Permian age of the 

Rozhava Formation is assumed on the basïs of 

micrortora, with the predominvtnt species of the 

généra Potoniehporites, Str'mtodisacàtesy Vittatma 

sp. and mainly the form Tnquitnteii additus'^'A%. 

et Hofm., Potonieisporites novicus Bharadw., 

Vittatina costabilisWAs (Planderova 1980). 
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The gradually progradcd Stitnik Formation is a 

monoronous complex of cyclically alternating 

sandstones, siltbtones and shales. Lenses of carbo- 

natic sandstones and doloniitic limestones with 

intercalations of shales occur only in its upper 

part. Thin lenses of phosphaiic sandstones and 

sédiments with cxtrcmcly high content of albice 

(albitolices) are excepcional. Sédiments concain 

relatively high amount of rhyolice/daciie détritus 

(Psynsedinienrary or redeposued from rhe 

Rozhava Formation). Sedimenrary environment 

is interpreted as vilkivialdacustrine and lacustrine, 

with high-alkalinc lakes in some places, progra- 

ding into ncar-shorc, lagoonal-sabcha faciès. Age 

déterminations arc known only front che upper- 

most part. The Late Permian was proved on the 

basis of cône slice and rwig of Pseudovoltzia lie- 

beana (Geinitz) Florin, and leaves of the genus 

SphenozamiteSs as well as remains of bivalve tests 

of the genus Carbonicnla MeCoy, 1855 (Suf 

1963). Mictofloral assemblages confirm rhe Late 

Permian-Early Triassic age of this horizon 

(Planderova 1980). 

Generally, séquences of rhe Southern Gcmeric 

Permian arc disdnctly dynamometamorphically 

deformed, with grade of metamorphism reaching 

P-T condition.s of anchizone to low-cempcraturc 

part of grcenschi.st faciès. 

Within chc Inncr Western Carpathians (the 

Turnaic Unît; l’SBZ) the continental rcd*bcds 

unconformably overlying che Bashkirian flysch 

are most probably the Late Permian in age (since 

biostrarigraphical undated). 

DISCUSSION 

The Carboniferous-Permian sedimentary basins 

of the Western Carpathians originaced in rime 

and spacc as a conséquence of collision/subduc- 

cion events of Variscan orogeny. The topical dis¬ 

tribution of chese basins, as well as the lithofacial 

character of their fiIJing, document Southern 

polarity of rhe Variscan orogeny of the Western 

Carpathians, responsible for rhe opposite vergen- 

cy in comparison with that in rhe Alpine branch. 

Basins originaced gradually as a conséquence of 

microplate interaction. 

The beginning of collisional events was connec- 

ted with the Breionian movemencs and develop¬ 

ment of the Early Carboniferous flysch remuant 

basin séquences preserved within the Northern 

Gemcric Unit. Lhe prolongation of collision car- 

ried on closing the Early Carboniferous flysch 

b;tsin and causcd hiatus durjng Namurian B-C. 

The Sudctian movemencs gave rise to the 

Bashkirian-Moscovian marine peripheral basin, 

whosc basal scquences fixed the Early 

Carboniferous flysch and hoth rwo pre- 

Curboniferous complexes (fragments of crust 

with oceanic/supraoceanic affinity)- Closing of 

this basin was connected with Asturian events 

and is reflected in hiatus during Stephanian. The 

Norch-Gemeric Early and Lace Permian conti¬ 

nental red-beds sequences originaced under 

transpression/transtension and extension post- 

orogenic régime. 

Due to rhese compression events, the different 

évolution basins were esrablished on formerly 

üverthrusted continental plate, whose fragments 

arc dismembered within the several CWCZ 

Alpine mcgaunics. Continental scdimentation 

under humid climatic conditions was characteris- 

rie for this part of the plate during the Late 

Carboniferous. The.se relies are pre^served within 

rhe Alpine Zemplinic, Hronic and Southern 

Vcporic Llnits. Scquences froin the last of them 

arc very stiong Alpine reworked. Generally, a 

characreristic feature for these devclopments is 

graduai piograding into rhe Permian arid/semi- 

arid red'bcds formations. The sedimentary 

b*asins wcrc cstablished in pull-apart and exten- 

sional tectonic setring (most probably in back-arc 

position). The latest stage of this process affected 

the formation.  ̂which were incorporaied into the 

Northern Veporic and Tatric Lhiics (Saxonian 

even Thufingian). 

Particular fearures hâve been observed in the 

Permian formations of the Southern Gemcric 

unit Their rainerai extrcmely mature détritus, as 

compared with ocher conteraporal sédiments of 

the Western Carpathians unit allows to correlace 

them with other early-AJpine riftogenic tectofacies 

of the Alpine-Mediterranean domain. They were 

most probably alneady connected with rhe pre- 

vious Baskhitian flysch zone sédimentation 

(TSBZ), characteristic for the South- 

Alpine/Dinaric development. Discovering the 
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Baskhirian flvsch sédiments (thc Turiec 

Formation, Vozàrovâ 1992) wirhin one of thc top- 

most tectonic units of ihe Inner Western 

Carpathians (Turna Nappe) confirms rhis assump- 

tion (Vo/arovd & Vozâr 1992; Vozarova 1996). 

Front chc point of view of comparison of 

Carboniferoiis-Fermiau seciucnccs in ihe AJpine- 

Carpathian arc, che position of synorogcnic 

flysch sédiments in space and cime is an impor¬ 

tant criterion (Ebncr 1991), The Tournaisian- 

Visean (pre-Sudetic) Hysch, which is prcsei'ved in 

the Northern Gemeric Zone (NGZ)^ rcflecis ihe 

stage of convergence. This flysch irough contai- 

ned shreds of oceanic crusr (serpencinices) as well 

as detricus from a collisional fbld-rhrust belt and 

from the rejuvenated basement (source of low- 

grade metasediments and mctavolcanires as well 

as granitoides and gneisses). Its most probable 

paleotectonit position was that of residual basin, 

arising witli  oblique collision. This is testificd bv 

graduai transition from flysch environment to 

tcrrestrial-carbonate, shallow-water sédiments of 

Serpukhovian âge. 

Synorogcnic, pre-.Siidecic flysch sédiments are 

represenred in thc Eastern Alps, in che Stolzalpc 

Nappe (Gurktal thrust sysceni) in central 

Carinthia (Neiibauer Ik Herzog 1983). Thcy are 

also coveted by I.ate Carboniferous molasse sédi¬ 

ments (Murau area), which is, however. on the 

contrary to the NGZ, in coutinenval develop¬ 

ment. Early Permian sedirnent.s in both units 

indicate continental environments (Ehaer el al. 

1990a). An équivalent of the Late Visean- 

Serpukhovian shallow-marine horizon with 

magncsitc.s (upper parc of che Ocheina group m 

thc NGZ) is development in the Vehsch Nappe 

of che Grauwackcnzonc (Ncubaucr & Vozârovi 

1990). Equally also lichological characteristics 

and the palcocnvifonment of the Carboniferous 

from Noetsch are comparable with marine 

molasse sedimeitts in thc NGZ. 

In the Southern and Eastern Carpathiims silici- 

clastic and/or siliciclastic-carbonate sequences of 

Early Carbonifernu-s tvere described (Nasraseanu 

1987; Nastascanu 6l Krautner 1990; Krautner 

1990), which, however, arc poorly proved bio- 

stratigraphically (Infrabucoviinan N., Bucovinian 

N., Supraghctic N., Danubian Unit) and from 

sedimentological point of view are of untypical 

flysch development. A feaiure common in both 

compared areas is Variscan metamorphism of 

Early Carboniferous complexes. Well correlable 

sequences arc, however, continental Late Carbo¬ 

niferous and Permian from the Central Western 

Carpathians (CWCZ) and in rhe Chetic Unir in 

Romania desetibed hy Nastaseanu tt ai (1973) 

and Nastaseanu (1978). In the Apuseni 

Mouniains (Biharia and Codtu Nappe System) 

continental Late Carboniferous and Permian 

.scdimeni.s witli  andesiie-basaltic rifcogenic volca- 

nism arc known, similarlv a.s in the Hronic Llnic 

in thc CWCZ, 

Relies of Late Devonian-Early Carboniferous 

flysch formations wcrc also dcscribed in the 

région of the Balkanides and in the Kraishtides 

(Yanev & Spasov 1985: Tenchov 1990). They arc 

covered hy Wesephalian and/or even Permian 

continental deposits. 

The pre-Asturian flysch, which is preserved in 

thc Inner We.stcrn Carpatluan.s (IWCZ) in the 

Turnaic Unit. h:is its continuation in thc Szendrô 

and Uppony Mountains in northeastern 

Hungar\'. where. ir was described in details by 

Kovacs 6c Pero (1983) and Kovacs (1987). Fhis 

flysch bas its équivalents in tlie Southern Alps 

and Karawanken (Ebncr et al. 1991). ’Lhc flysch 

complexes arc Variscan low-gradc metamorphos- 

cd (Mazzuli 6C Vozârova 1989; Ebncr et al. 

1990b). The pte-Asturian flysch complexes arc 

irsually covered by shalkjw-water or even deltaic 

sediment.s of Wesephalian to Stephanian âge. An 

exception is the lurnaic Unir (IVCGZ) where the 

manne molasse is missing and thc flysch is cove¬ 

red by Permian, continental sédiments (rifto- 

gcnic stage of che Alpine cyclus). 

In thc Bükk Mountains ihc pre-Ascuri.an flysch 

reaching even the Westphalian is continuously 

replaccd by .shâliow-marine sedintents of Late 

Westphalian-Scephanian age (Kovics & Péro 

1983). ’lTie .sedimeins are noi Variscan-meiamor- 

phosed and only in places âffcctcd hy weak 

Alpine metamorphism (Arkai 1983). Permian 

sédiments are lagoonaLnearshore marine, incer- 

rupred hy a shorr-dated Middle Permian evenc of 

continental sédimentation only. An analogous 

development of the Permian i.s also the Garnie 

Alps and Karawanken (Ebner et al. 1990; 

Ramovs étal. 1990). 
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In the Transdanubian Mid-raontains Unit thc 

Carboniferous is represenced by Visean lime- 

stones (Fôldvvtri 1952) and Westphalian- 

Stephanian conglomérâtes (Mihaly 1980). These 

scquences as vvel) as ;ill  pre-Carbonilerous com¬ 

plexes show South Alpinc-Dinaric afrtniiy. The 

Late CarboniferouS'Permian continental sédi¬ 

ments uncontdrmably overlapped medium- and 

high-grade Variscan and pre-Variscan metarnor- 

phic rocks of Tisia Unit in thc southeastern part 

of Hungary (Meesék and Villany Mountains. 

Kassai 1976). Complexes of thc Tisia Unit as 

well as its Carhoniferous-Permian enveloppe 

have no équivalent in the Western Carpathians. 

In the context of stratigraphie âge of the sedi- 

mentologically well estahlished flysch séquences 

and clastic/volcanoclastic piles which takc in 

synorogenic position, the following comparison 

can he donc* 

1, Internai zone of Alpine Variscides bclt witli  pre- 

Sudctic flysch envininnient: CWCZ joined with 

NGZ in the Western Carpathians, castern 

Grauwackenzonc and Gurktal ihrust system and 

Carboniferous of Noetsch area in rhe Eastern 

Alps, nappe thrust system of Bucovinian and 

Ghctic Units in thc Eascern and Southern 

Carpathians in Romania, part of Balkanides and 

Kraishtides in Bulgaria. This zone comprises 

mainly medium- and high-grade mecamorphic 

basement with huge masses of prc-Mcsozoic gra- 

nitoids, as a resuit of prcdominantly Variscan 

metamorphism and magmacism. Witli  respect to 

these characteristics, this zone corre.sponds to thc 

Mediterrancan crystalline zone (MCZ) defined by 

Ncubauer &c Raumer (1993). The pre-Sudctic 

flysch zone covered by Visean-Serpukliovîan mari¬ 

ne molasse, which is de.signated as rhe NGZ in the 

Western Carpathian.s» lias conrinuacion in rhe 

high Eascern Alps Units (Nocrsch-Veitsch- 

Ochtina zone according to Flügel 1990, Nonh 

Gemeric-Veiesh zone afier Ncubauer Vozarovâ 

1990). k is imerpreeed as an intrasuiural basin 

amalgamating two major Variscan inicroplates 

(Vozirova & Vozar 1988; Ncubauer & Vozarovâ 

1990) or as .Southern extension of the MCZ 

(Ncubauer & Raumer 1993). 

2. External zone of alpine Variscides belt wirh 

pre-Asturian flysch environment: IWCZ with 

Turnaic Unit, Szendro Mountains and Uppony 

Mountains and Bükk Mountains in Hungary, 

Southern Alps and Karawanken. The basement 

of thi-s zone is either unknown or consits of 

dotninantly shallow-vvacer carbonates including 

pciagic iimesiones. An exception is thc Southern 

Gcmeric Lhiit (IWCZ) with the long-timing 

Early Paleozoic Flysch scqueiice. This external 

zone could be correlated with thc Noric-Bosnian 

and Beiic-Serbian zones distinguished by 

jNetibaucr Raumer (1993). 

CONCLUSION 

The distribution of Carboniferous-Permian 

basins in time and space as well as rhe lirholâcial 

character of chcii filling  indicace a reverse polari- 

cy (southem) in comparison with thc Alpine oro- 

genv. i he rcsults ol Variscan orogenic ev^nts was 

thc uncvenly Consolidated continentaJ crust 

which, after a short period of .srability (from che 

South co thc iiorrh in the Late Permian/Early 

Triassic to Mîddle/Late Triassic), was incorpora- 

red again in the new orogenic Alpine cycle. 

On the ba.sis of illling  relies of Carhoniferous- 

Permian basins in rhe Western Carpathians two 

zones of continental collision differing in time 

were idcntified: 

— thc internai zone  ̂with termination of collision 

during Bretonian-Sudetian events, resulring in 

syn-collision Early Carboniferous flysch and 

mâtine Lace Carboniferous perisutural basin as 

well as continental, back-arc transpression basins; 

— thc external zone, with termination of collision 

during Asturiaii events (IWCZ). This zone is 

represenred by the Ba.skhirian flysch and the Late 

Westphalian/Siephanian marine perisutural basin 

(relies preserved only on rhe icrritory of northern 

Hungary) and thc post-orogenic continental 

Permian deptKsits (Southern Gcmeric and 

Turnaic unies on che tcrricory ofSlovakia). 
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